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Abstract

Introduction: There have been many inconsistent reports about the perfor-
mance of histidine-rich protein 2 (HRP2) and lactate dehydrogenase (LDH)
antigens as rapid diagnostic tests (RDTs) for the diagnosis of past Plasmo-
dium falciparum infections. This meta-analysis was performed to determine
the performance of pfHRP2 versus pLDH antigen RDTs in the detection of
P. falciparum.

Material and methods: After a systematic review of related studies, Me-
ta-DiSc 1.4 software was used to calculate the pooled sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic
odds ratio (DOR). Forest plots and summary receiver operating characteristic
curve (SROC) analysis were used to summarize the overall test performance.
Results: Fourteen studies which met the inclusion criteria were included in
the meta-analysis. The summary performances for pfHRP2- and pLDH-based
tests in the diagnosis of P. falciparum infections were as follows: pooled
sensitivity, 96.3% (95.8-96.7%) vs. 82.6% (81.7-83.5%); specificity, 86.1%
(85.3-86.8%) vs. 95.9% (95.4-96.3%); diagnostic odds ratio (DOR), 243.31
(97.679-606.08) vs. 230.59 (114.98-462.42); and area under ROCs, 0.9822
versus 0.9849 (all p < 0.001).

Conclusions: The two RDTs performed satisfactorily for the diagnosis of
P. falciparum, but the pLDH tests had higher specificity, whereas the pfHRP2
tests had better sensitivity. The pfHRP2 tests had slightly greater accura-
cy compared to the pLDH tests. A combination of both antigens might be
a more reliable approach for the diagnosis of malaria.

Key words: histidine-rich protein 2, lactate dehydrogenase, rapid
diagnostic tests, Plasmodium falciparum.

Introduction

Malaria is an infectious disease with a worldwide distribution. Accord-
ing to the WHO, there are approximately 200 million cases of malaria
and > 500 000 deaths each year; most victims are children living in Af-
rica. Five Plasmodium species are known to cause malaria in humans:
P. falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi. P. falciparum
is the most prevalent and pathogenic species; thus malaria due to
P. falciparum is an important public health problem in both endemic and
non-endemic settings [1].
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A prompt and accurate laboratory diagnosis is
the key to providing malaria patients with effective
treatment. Currently, a microscopic examination is
the main method by which to diagnose a malarial
infection, but this method is time-consuming and
requires an experienced microscopist, which can be
impractical in remote areas. The polymerase chain
reaction (PCR) is a highly sensitive alternative to
microscopy, but cost and lack of general availability
limit the routine use of PCR in many health care
settings. Currently, rapid diagnostic tests (RDTs) are
more rapid and cost-effective methods by which
to diagnose malarial infections; RDTs require min-
imum training and are widely used in many malar-
ia-endemic areas. Most of the RDTs for Plasmodium
species are based on the detection of histidine-rich
protein 2 (HRP2) or parasite-specific lactate dehy-
drogenase (LDH) antigen. pfHRP2-based tests have
shown good sensitivity in a variety of field settings;
however, pfHRP2-based tests can only diagnose
P. falciparum infections. Moreover, the proportion
of false-positive results in these assays is high due
to antigen persistence for up to several weeks after
effective treatment. Unlike the pfHRP2-based tests,
pLDH-based tests can detect all human-related
Plasmodium species, and pLDH antigen is rapidly
cleared from the blood after successful treatment
[2-8]. In addition, pLDH tests have advantages over
pfHRP2 tests; specifically, pLDH tests are not affect-
ed by the prozone effect or pfHRP2 gene deletions.
The sensitivity of these tests has often been report-
ed as lower than pfHRP2-based tests [9-11]. pLDH
is a highly conserved RDT antigen, in contrast to
pfHRP2, which is considered to be more variable
due to the genetic diversity and deletion of the
pfhrp2 gene. In the past, the deletion of the pfhrp2
gene was reported as a cause of false negative di-
agnoses for P. falciparum infections [12, 13].

Many studies have assessed the diagnostic
accuracy of malaria RDTs; however, conflicting
data have been reported on the performance of
pfHRP2- and pLDH-based tests [14-17]. Therefore,
we conducted a meta-analysis to evaluate the di-

agnostic value of the two malaria RDTs. The objec-
tive of this review was to compare the accuracy of
pfHRP2- and pLDH-based tests for the diagnosis
of P. falciparum infection.

Material and methods
Search strategy

A comprehensive systematic search was
performed for articles in databases, including
PubMed, Embase, ISI Web of Science, and the Co-
chrane Library. No restriction was set with respect
to the year of publication and language. To find
possible missing articles, we searched the refer-
ences of the included articles and relevant pub-
lished articles manually. The search terms used for
this study are listed in Table I.

Inclusion and exclusion criteria

The inclusion criteria for this study were as
follows: (1) original research articles that directly
compared the diagnostic performance of pfHRP2-
and pLDH-based immunochromatographic assays
for the detection of P. falciparum; (2) microscopic
examination of blood smears or a PCR-corrected
microscopy method were used as the gold stan-
dard; and (3) sufficient data to construct 2 x 2 ta-
bles of test performance.

Exclusion criteria for this study were as follows:
(1) repeat publications or more than one article
using the same patient population (n.b., we only
selected the most recent study for analysis); and
(2) studies that were published as reviews, letters,
case reports, editorials, or comments. Abstracts
and titles of all possible studies for inclusion were
assessed independently by two reviewers, and
any disagreements were resolved by consensus.

Selection of studies

The title and abstract of all potentially relevant
articles were read by two reviewers independently,
and the full text of potentially eligible studies was

Table 1. Search terms used in the systematic search for this study

Database Search terms

PubMed (Plasmodium falciparum [Mesh] OR falciparum malaria OR P. falciparum) AND (Histidine*rich
protein 2 OR Histidine*rich Protein Il OR HRPII OR HRP2 OR PfHRP2 OR PfHRPII) AND (Lactate
dehydrogenase OR PfLDH OR Pf*pLDH)

Embase ‘Plasmodium falciparum’ OR ‘falciparum malaria’ OR ‘p. falciparum’ AND (‘histidine?rich

protein 2’ OR ‘histidine?rich protein i’ OR hrpii OR hrp2 OR pfhrp2 OR pfhrpii) AND (lactate
AND dehydrogenase OR pfldh OR pf?pldh)

Web of Science

(Plasmodium falciparum OR falciparum malaria OR P. falciparum) AND (Histidine*rich
protein 2 OR Histidine*rich Protein Il OR HRPII OR HRP2 OR PfHRP2 OR PfHRPII) AND (Lactate
dehydrogenase OR PfLDH OR Pf*pLDH)

The Cochrane Library

(Plasmodium falciparum OR falciparum malaria OR P. falciparum) AND (Histidine-rich
protein 2 OR Histidine rich Protein Il OR HRPII OR HRP2 OR PfHRP2 OR PfHRPII) AND (Lactate
dehydrogenase OR PfLDH OR PfpLDH)
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then retrieved for further assessment. Disagree-
ments between the reviewers were resolved by
consensus. The authors were contacted for fur-
ther study details if necessary.

Data extraction

The following data were independently extract-
ed from the included studies by two reviewers:
authors; year of publication; geographical area;
patient demographics; diagnostic criteria; test
kits; and valid data for the analysis (the number
of true-positive, false-negative, true-negative, and
false-positive results).

Assessment of study quality

The Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool, as recommended by the
Cochrane Collaboration, was used in our study to
assess the quality of studies. The QUADAS-2 tool
consists of four key domains that assess patient
selection, index test, reference standard, and flow
of patients through the study and timing of the in-
dex tests and reference standard. All of the includ-
ed studies were evaluated as having low, high, or
unclear risk of bias or concerns about applicability
for each domain [18].

Statistical analysis

All statistical analyses were performed using
Review Manager (RevMan) 5.2 and Meta-DiSc 1.4
software. Using RevMan 5.2, data were presented
as forest plots and receiver operating character-
istic curves (SROC). Meta-DiSc 1.4 software was
used to calculate the pooled sensitivity, specific-
ity, positive likelihood ratio (PLR), negative likeli-
hood ratio (NLR), diagnostic odds ratio (DOR), and
heterogeneity analysis. The threshold effect was

Records identified
through database
searching (n = 228)

A

Records after duplicates
removed (n = 127)

Review articles or case
reports (n = 14)
Irrelevant studies (n = 80)

Y

Overlap study
Y populations with other
Full-text articles studies (n = 3)
assessed for eligibility Insufficient data to
(n=33) calculate (n = 8)
Lacking pfHRP2 and/or
pfLDH tests (n = 8)

Y

A

Studies included in this
study (n = 14)

Figure 1. Flow chart of the study selection process

tested using the Spearman correlation coefficient.
A y*-based Q statistical test was used to assess
the heterogeneity induced by other factors (<
50%, insignificant heterogeneity; > > 50%, sig-
nificant heterogeneity). A random-effects model
was used for analysis when the heterogeneity
was apparent and a fixed-effects model was ap-
plied when insignificant heterogeneity existed.
Meta-regression was performed to examine po-
tential sources of heterogeneity. Subgroup analy-
sis according to the source of heterogeneity was
subsequently conducted [19].

Results
Results of the search

A total of 228 relevant articles were identified
from the PubMed, ISI, EMBASE and Cochrane Library
databases. One hundred one articles were excluded
because of duplicate records. Ninety-four articles
were excluded after reading the titles or abstracts
and determining that the articles were reviews, case
reports, or irrelevant studies. Thirty-three full text
copies of potentially relevant studies were obtained
from Internet databases. After full text reviews, 19
studies were excluded, as follows: 8 articles were
excluded because they did not provide sufficient
data to calculate the sensitivity and/or specificity;
8 articles were excluded because of lacking data
of pfHRP2 and/or pLDH tests; and 3 articles were
excluded because the articles had overlap study
populations with other studies. Fourteen studies
met all inclusion criteria and were entered into
the meta-analysis, including 15,909 patients who
underwent pfHRP2 tests and 16,053 patients who
underwent pLDH tests. The characteristics of each
study are summarized in Table II. The flow chart of
the literature search strategies is shown in Figure 1.

Methodologic quality of included studies

The quality of included studies was assessed
using the QUADAS-2 tool, and the results are
shown in Figure 2. Most studies enrolled a consec-
utive or random sample of eligible patients, but
in one study the procedure of patient enrollment
was not clearly described [20]. Three studies were
considered to be inappropriate because the stud-
ies excluded severe or special patients (such as
pregnant women) from the studies [20-22]. Sev-
en studies did not supply sufficient information
about the blindness of index or reference standard
tests [4, 6-8, 16, 22, 23]. Four studies reported
that the tests were not performed or the results
were missed in a portion of the patients [14, 20,
24, 25]. According to the criteria of the evaluation,
75% of studies had a low risk of bias in the patient
selection domain, 50% of studies were judged to
have low risk in the other 3 domains, and only
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1 study was assessed to be at high risk of bias coefficient was used to assess the presence of
in patient selection and flow and timing domains  a threshold effect. The results suggest that there
[20]. In the applicability section, only 1 study was ~was no threshold effect in the pfHRP2 (rs = 0.332,
evaluated as high concern in the patient selection P = 0.246) and pLDH (rs = 0.231, p = 0.427) tests.

domain [15]. The remaining studies had low or un- The heterogeneity caused by other sources was
clear concerns. analyzed by Cochrane’s Q test and the y? test.

The results showed that there was clear hetero-
geneity in the pfHRP2 (DOR Cochrane Q = 357.77,
p = 0.000, /* = 96.4%) and pLDH (DOR Cochrane

To determine whether or not there was hetero-  Q = 208.95, p < 0.001, > = 93.8%) tests. Meta-re-
geneity in the studies, the Spearman correlation  gression analysis was therefore used to determine

Heterogeneity analysis
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Table Ill. Meta-regression analysis of diagnostic accuracy

pfLDH test

pfHRP2 test

Variable

Std. err P-value RDOR 95% ClI Coeff. Std. err P-value RDOR 95% Cl

Coeff.

0.9836

10.4980

0.225

1.7035 0.0208

5.298

Cte.

0.6136 0.8652

-0.109

0.1206 0.0024

-0.604

0.2856 0.0643 0.52 0.26-1.05 1.404 1.9989 0.5088 4.07 0.03-541.71

-0.646

Reagent kits

0.3732 0.0001 38.56 15.47-96.09 0.568 1.6895 0.7481 1.77 0.03-110.19

3.652

Gold standard

0.2640 0.1086 1.64 0.86-3.14 0.124 1.7322 0.9452 1.13 0.02-78.46

0.497

Sample type

0.3677 0.1410 1.87 0.76-4.59 1.090 3.1312 0.7397 2.97 0.00-6321.35

0.623

Population

0.6553 0.0112 0.09 0.02-0.47 0.923 3.3199 0.7902 2.52 0.00-8492.11

-2.366

Geographical regions

0.3694 0.0233 0.33 0.13-0.81 -0.254 2.2799 0.9148 0.78 0.00-205.27

-1.116

Sample size

the sources of the heterogeneity subsequently.
The results suggested that the selection of the
gold standard test was the major source of het-
erogeneity in the pfHRP2 test, but there was no
definite source of heterogeneity identified in the
pLDH test. The results of the meta-regression are
shown in Table IIl.

Meta-analysis

The random effects model was used to calculate
the pooled value because of heterogeneity in the
tests; the forest plots and ROCs are shown in Fig-
ures 3 and 4. The results of meta-analysis demon-
strated that the pooled sensitivity and specificity
were 96.3% (95.8-96.7%) and 86.1% (85.3—-86.8%)
in the pfHRP2 test and 82.6% (81.7-83.5%) and
95.9% (95.4-96.3%) in the pLDH test. The pooled
ROCs showed an AUC of 0.982 in the pfHRP2 test
and 0.985 in the pLDH test. The DOR was 243.31
in the pfHRP2 and 230.59 in the pLDH tests; the
pooled data of the two tests are listed in Table IV.

Subgroup analysis

According to the gold standard test selected,
14 studies were classified into two groups for sub-
group analysis, including PCR-corrected microsco-
py groups (6 studies) and pure microscopy groups
(8 studies). Pooled sensitivity, specificity, PLR, NLR,
and DOR for the two groups in the pfHRP2 test
are presented in Table IV. Because there was no
definite source of heterogeneity identified in the
pLDH tests, subgroup analysis was not performed.

Discussion

Although similar studies were conducted by
Marx et al. [26] and Abba et al. [27], a number of
relevant studies have been published in the past
5 years. Therefore, we performed this meta-analysis
to better clarify the role of pfHRP2- and pLDH-based
RDTs in the diagnosis of P. falciparum infections.
Unlike the previous meta-analyses, we only includ-
ed studies which directly compared the diagnostic
performance of pfHRP2- and pLDH-based tests to
avoid the heterogeneity of population selection.

Fourteen studies which met the inclusion cri-
teria were included in our study, including 15,909
patients who had pfHRP2 tests and 16,053 pa-
tients who had pLDH tests. The QUADAS-2 tool
was used to evaluate the included studies. The
results indicated that most of the included stud-
ies were of high quality and considered to provide
reliable results.

The present meta-analysis demonstrated that
the pfHRP2 tests had a pooled sensitivity of 96.3%
and a pooled specificity of 86.1% for detection of
P. falciparum. The pLDH test reported an 82.6%
pooled sensitivity and a 95.9% pooled specificity,
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pfLDH test
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

(95% ClI) (95% Cl1) (95% Cl) (95% Cl1)
Gerstl 2010 168 7 1 167  0.99 (0.97-1.00) 0.96 (0.92-0.98) - -
Grobusch 2003 99 23 31 386 0.76 (0.68-0.83) 0.94 (0.92-0.96) -- u
Hawkes 2014 909 123 124 492 0.88(0.86-0.90) 0.80 (0.77-0.83) | -
Hendriksen 2011 1074 79 147 598 0.88 (0.86-0.90) 0.88 (0.86-0.91) | -
Hopkins 2008 2686 56 798 3460 0.77 (0.76-0.78) 0.98 (0.98-0.99) | |
Houze 2013 284 0 58 895 0.83(0.79-0.87) 1.00 (1.00-1.00) = |
Igbal 2001 59 2 7 447 0.89 (0.79-0.96) 1.00 (0.98-1.00) —- |
Kocharekar 2014 97 1 3 49 0.97 (0.91-0.99) 0.98 (0.89-1.00) - -
Maltha 2014 375 29 1 289 1.00 (0.99-1.00) 0.91 (0.87-0.94) | -
Mason 2002 40 4 54 131  0.43(0.32-0.53) 0.97 (0.93-0.99) —— k|
Mawili-Mboumba 2010 89 11 6 356 0.94 (0.87-0.98) 0.97 (0.95-0.98) - |
Monbrison 2004 71 7 15 463 0.83(0.73-0.90) 0.99 (0.97-0.99) — |
Muhindo 2012 98 15 25 486 0.80(0.71-0.86) 0.97 (0.95-0.98) - |
Playford 2002 30 3 10 115 075(0.59-0.87) 097(093-099) . | —m— . -

0 02 04 0608 10 02 04 06 08 1

pfHRP2 test
Study P FP FN TN Sensitivity Specificity Sensitivity Specificity

(95% CI) (95% CI) (95% CI) (95% ClI)
Gerstl 2010 167 44 2 130  0.99 (0.96-1.00) 0.75 (0.68-0.81) u -
Grobusch 2003 128 10 3 351 0.98(0.93-1.00) 0.97 (0.95-0.99) - [ ]
Hawkes 2014 967 235 62 384 0.94(0.92-0.95) 0.62 (0.58-0.66) u -
Hendriksen 2011 1148 197 73 480 0.94(0.93-0.95) 0.71 (0.67-0.74) [ |
Hopkins 2008 3442 429 42 3087 0.99 (0.98-0.99) 0.88 (0.87-0.89) u u
Houze 2013 328 27 14 868 0.96(0.93-0.98) 0.97 (0.96-0.98) u [ ]
Igbal 2001 54 4 12 445 0.82(0.70-0.90) 0.99 (0.98-1.00) — u
Kocharekar 2014 73 1 27 49 0.73(0.63-0.81) 0.98 (0.89-1.00) - -
Maltha 2014 376 139 0 179 1.00 (0.99-1.00) 0.56 (0.51-0.62) u -
Mason 2002 81 31 13 103 0.86(0.78-0.92) 0.77 (0.69-0.84) - --
Mawili-Mboumba 2010 71 29 5 261 0.93(0.85-0.98) 0.90 (0.86-0.93) - L
Monbrison 2004 84 5 2 465 0.98 (0.92-1.00) 0.99 (0.98-1.00) - u
Muhindo 2012 108 42 15 459 0.88(0.81-0.93) 0.92 (0.89-0.94) = -
Playford 2002 39 2 1 116 0.97 (0.87-1.00) 0.98 (0.94-1.00) } ' ' ' ' —!I } . ' ' ' ﬂl

0 02 04 0608 10 0204 06 08 1

Figure 3. Forest plot of pairs of sensitivity and specificity in each study

which showed lower sensitivity and better speci-
ficity compared to the pfHRP2 test. Overall, these
results are consistent with previously published
studies, but there were slight decreases in sen-
sitivity and specificity compared with the Abba
et al. report [27]. The performance of RDTs is influ-
enced by many factors, such as quality of reagent
kits, parasite density, storage conditions and in-
terpretation of the test results. Many studies have
reported that genetic diversity and deletion could
affect the specificity of pfHRP2 tests. However, the
sensitivity of the pfHRP2 tests is higher than that
of the pLDH test, perhaps due to the persistence
of antigens [12, 13]. The pooled ROCs showed an
AUC of 0.982 in the pfHRP2 tests and 0.985 in the
pLDH tests, indicating promising discriminative
abilities for both tests. The DOR, which estimates
the odds of positive test results between diseased
and non-diseased groups, was 243.31 for the
pfHRP2 tests and 230.59 for the pLDH tests, indi-
cating that the pfHRP2 tests had slightly greater
accuracy compared to the pLDH tests.

The results of heterogeneity analysis demon-
strated that there was no threshold effect for
both RDTs, but obvious heterogeneities caused by
other sources were found among these studies.
Meta-regression analysis showed that selection

1.0

<& o0

0.9 50

0.8
0.7 A
0.6 A

0.5 1

Sensitivity

0.4 A

0.3 A

0.2 4

0.1

0

10 09 08 07 06 05 04 03 02 01 O
Specificity
<O pfHRP2 test

Figure 4. Summary receiver operating characteristic
curves for pfHRP2- and pLDH-based tests

O pfLDH test

of a gold standard test affected the heterogene-
ity significantly in the pfHRP2 test (RDOR = 38.56,
p = 0.0001). To evaluate the influence of the se-
lection of the gold standard test on the diagnostic
performance of the test, subgroup analysis was
conducted and the heterogeneity was signifi-
cantly decreased when studies were divided into
PCR-corrected (DOR Cochrane Q =7.61, p =0.179,
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Table IV. Pooled values of two RDTs and subgroup analysis of pfHRP2 test

Q*
0.9415

Pooled AUC

Pooled Spe (95% ClI) Pooled LR+ (95% Cl) Pooled LR- (95% ClI) Pooled DOR (95% Cl)

Pooled Sen (95% Cl)

Test

0.9822

0.861 (0.853-0.868) 10.770 (6.862-16.904) 0.057 (0.029-0.110) 243.31 (97.679-606.08)

0.963 (0.958-0.967)

pfHRP2 test

0.9469

0.9849

0.826 (0.817-0.835) 0.959 (0.954-0.963) 25.943 (13.658-49.276) 0.151 (0.110-0.208) 230.59 (114.98-462.42)

pfLDH test

0.9016

0.9580

0.927 (0.917-0.937) 0.799 (0.783-0.813) 6.498 (4.239-9.959) 0.119 (0.079-0.180) 69.564 (38.574—125.45)

Subgroup 1

Microscopy test

0.9687

0.9938

0.892 (0.884-0.900) 19.909 (7.878-50.315) 0.021 (0.011-0.041) 875.83 (530.15-1446.9)

0.986 (0.982-0.989)

Subgroup 2

PCR-corrected

microscopy test

I? = 34.3%) and microscopy groups (DOR Cochrane
Q =47.33,p < 0.001, I = 85.2%). A meta-analysis
of the subgroup indicated that tests with PCR-cor-
rected microscopy had higher sensitivity, specifici-
ty, DOR, and AUC (data are shown in Table IV) than
tests with pure microscopy. However, meta-regres-
sion analysis showed that the selection of the gold
standard test did not significantly affect heteroge-
neity in the pLDH tests. It can be explained by the
prolonged persistence of HRP-2 antigen in the cir-
culation. After successful anti-malarial treatment,
pLDH tests and routine microscopy cannot reliably
detect very low parasite densities, while PCR and
the pfHRP2 test provide higher sensitivity at low
densities than that of the other two methods. In
addition, the performance of the RDTs has been
reported to be variable in different regions [12].
In this meta-analysis, all included studies were
divided into two categories: endemic areas and
non-endemic areas. Results of meta-regression
analysis showed that the heterogeneity of RDTs
was slightly influenced by geographical origin
of the samples (pfHRP2 test: RDOR = 0.09, p =
0.0112; pLDH test: RDOR = 2.52, p = 0.7902). An-
other possible factor affecting the performance of
RDTs is the quality of the reagent kits, but we did
not conduct a meta-analysis according to brands
of reagents because the number of included stud-
ies was small. However, the meta-regression anal-
ysis showed that the heterogeneity cannot be af-
fected by brands of reagents in two RDTs.

A number of limitations regarding the current
study need to be considered. First, the diversity
of samples could be a potential source of bias be-
cause the outcomes of RDTs may be influenced by
the parasite densities in the blood samples. There-
fore, we attempted to perform a subgroup analysis
according to the parasite densities, but some es-
sential data could not be obtained from the stud-
ies. Second, there was considerable heterogeneity
in the pLDH tests, but we failed to find a reasonable
source of the heterogeneity. Therefore, the results
of pLDH tests should be interpreted cautiously.

In conclusion, our results suggest that the two
rapid tests we evaluated performed satisfactori-
ly for the diagnosis of P. falciparum, but the pLDH
tests had higher specificity, while the pfHRP2 tests
offered better sensitivity. In general, the pfHRP2
tests showed slightly greater accuracy compared to
pLDH tests according to this meta-analysis. We con-
clude that a combination of both antigens might be
a more reliable approach for the diagnosis of malaria.
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